ABSTRACT Chlorpyrifos (CPF) has been associated with cognitive and psychomotor impairments in both humans and animals. This cognitive impairment has been linked to its enhanced reactive oxygen species (ROS) generating capacity. Therefore, antioxidant treatment may provide a novel therapeutic window for the management of these related impairments. The aim of this work was to evaluate the beneficial role of resveratrol on chlorpyrifos-induced cognitive impairment and lipid peroxidation biomarker in Swiss albino mice. Swiss albino mice were divided into (6) six groups of five each (n=5). Group I served as the control and were administered olive oil (2 ml/kg), group II received carboxymethylcellulose (CMC) 10 mg/kg, group III received resveratrol 30 mg/kg, group IV received chlorpyrifos (CPF) 3 mg/kg, group V received CPF (3 mg/kg) after the oral administration of resveratrol (30 mg/kg) and group VI received Vitamin E (Vit E) 100 mg/kg All administrations were done by oral gavage for a duration of 21 days. Cognitive function was assessed using Y-maze,and Novel object recognition tests and oxidative stress was evaluated using oxidative biomarkers techniques.The results obtained showed that resveratrol at dose 30 mg/kg significantly(p<0.05) improved cognitive impairment and significantly decreased (p<0.05) malondialdehyde (MDA) concentration when compared with the control. In conclusion, 30mg/kg resveratrol suppressed memory impairment, decreased malondialdehyde levels, increased catalase activity, superoxide dismutase activity and glutathione levels in our chlorpyrifos-induced cognitive impairment mice model.
INTRODUCTION
There has been a global increase in pesticides usage due to the compelling need to feed the everincreasing human and animal populations, and to reduce the incidence of food and vector-borne diseases (Ambali, et al., 2012) . These health and economic benefits of pesticide usage are achieved not without simultaneous potential health risks and adverse health outcomes in non-target species, including man (Abdollahi et al., 2004) .
Organophosphate (OP) compounds are one of the most widely used pesticides accounting for about 50% of the global pesticide use (Ambali, et al., 2012) .
This may be of particular concern given the widespread use of OP pesticide in household, agricultural, and commercial environments worldwide (Terry et al., 2007) . Human studies in agricultural communities in developing countries have shown that cumulative exposure to OP is associated with cognitive and psychomotor impairments (Kamel and Hoppin, 2004; Kamel et al., 2007) .
Chlorpyrifos (CPF) is a chlorinated OP insecticide that has enjoyed widespread use in agricultural and domestic pest control (Steenland et al., 2000; Ambali et al., 2009) . It is of public health importance as CPF residues have been detected in poultry egg, meat, cow milk and milk products (Rawat et al., 2003) . CPF is thought to cause oxidative stress in both humans and animals via the formation of free radicals (Terry et al., 2007) . Exposure to CPF at doses that did not result in overt clinical symptoms has been reported among pesticide applicators and other farm workers (Farahat et al., 2010) thereby constituting an important source of occupational hazards to these groups of individuals. Resveratrol (3, 5, 4'-trihydroxystilbene) is a polyphenol that occurs naturally in foods and drinks made from grapes and peanuts, and also in a number of herbal remedies, both alone and as part of plant extracts (Villaflores, et al., 2012) . Resveratrol was first isolated from the roots of white hellebore (Veratrum grandiflorum O. Loes) in 1940 (Takaoka, 1940) and later, in 1963, from the roots of Polygonum cuspidatum, a plant used in traditional Chinese and Japanese medicine. Initially characterized as a phytoalexin (Nonomura et al., 1963) , http://dx.doi.org/10.4314/bajopas.v10i1.4 resveratrol is considered to be one of such compounds that are produced in plants during times of environmental stress of pathogenic attack (Dercks, and Creasy, 1989) or exposure to ultraviolent light (Fremont, 2000) . Cognition in humans is the ability to consciously carry out functions utilizing the human brain and includes: visual perception, selective attention, logical reasoning, construction (sentences for example) calculation, attention information processing), planning, problem-solving, comprehension and memory (Warburton, 1995) . For nearly a century, studies of cognition have shown that certain exogenous compounds can improve different types of memory and cognitive functioning in both normal and abnormal animals. However, the cognition-enhancing effects of other agents are only observed in subjects exhibiting poor baseline performance or experimentally induced deficits, whereas providing no measurable effects in normal animals (Kimet al., 2007) . The aim of this study was to evaluate the effect of resveratrol on chlorpyrifosinduced cognitive deficit in Swiss Albino mice. The objectives are to determine the effect of CPF on cognitive function in mice, to determine the effect of resveratrol on CPF-induced cognitive dysfunction in mice and to determine the effect of resveratrol on CPF-induced elevation of oxidative stress biomarker: mlondialdehyde (MDA).
MATERIALS AND METHODS Experimental Animals
Thirty (30) adult Swiss albino mice weighing between 25g and 30g were used for the study. They were fed on standard animal feed, while water was provided ad libitum. (Ambali, 2009 )) Group IV: RSV 30 mg/kg b. w. Group V: VIT E+CPF: Mice were pre-treated with Vit. E (100 mg/kg) and 3 mg/kg of CPF was administered 30 min later.
Group VI: RSV+CPF: Mice were pre-treated with resveratrol (30 mg/kg) and 3 mg/kg of CPF was administered 30 min later. Administration was done orally for the period of 21 days at 10:00 hour daily.
Cognition Tests Novel Object Recognition Test
The Novel object recognition test is an open field assessment of the natural tendency of rodents to investigate a novel object instead of a familiar one as well as their innate tendency to re-start exploring when they are presented with a novel environment or familiar object relocation. The choice to explore the novel object as well as the reactivation of exploration after object displacement reflects the use of learning and (recognition) memory processes (Carlini, 2011) . This task comprised two sample phases and one test trial. In each sample phase, the mice were placed and allowed to explore two copies of an identical object for a total of 5 min. Different objects (rubber toys) were used for sample phases 1 and 2, with a delay between the sample phases of 1 h. The test trials (5 min) were given 3 h after sample phase 2. During the test trial, a third copy of the objects from sample phase 1 and a third copy of the objects from sample phase 2 were used. The positions of the objects in the test and the objects used in sample phase 1 and sample phase 2 were counterbalanced between the animals. If learning and recognition memory is intact, the rat will spend more time exploring the object from sample 1 (i.e., the object presented less recently) compared with the object from sample 2 (i.e., the "new" object). The recognition ratio were calculated as the difference in time spent by each animal exploring the object from sample phase 1 compared with the object from sample phase 2 divided by the total time spent exploring both objects in the first minute of the test period (Barker et al., 2007; Baxter, 2010; Gaskin, 2010; Antunes and Biala, 2012) .
Y-Maze Model (spatial memory test)
The mice's Y-maze is composed of three equally spaced arms (at 120°, arm's length 50 cm, width 10 cm, and wall height 20 cm). The floor of each arm is made of Perspex. Y-maze is a quick and useful initial test for general cognitive function. This test is based on the innate preference of animals to explore an arm that has not been previously explored. Y-maze function is sensitive to damage in areas concerned with learning and memory functions such as the hippocampus, and is also disrupted by drugs that cause memory loss (Hughes, 2004) . The Spontaneous alternation version of Y-maze testing was employed for the study. In this version each mouse was placed in the Y-maze for 5 min and the number of arms entered as well as the sequence of entries were recorded and a score was calculated to determine alternation rate. An alternation is defined as entry into all three arms consecutively (Hughes, 2004) , for instance if the animal makes the following arm entries; A,C,C.A,B,C,A,C,B,A,B,C,A in this example, the animal made 13 arm entries 7 of which are correct alternations.
The number of maximum spontaneous alternations is then the total number of arms entered minus two, and the percentage alternation is calculated as (actual alternations /maximum alternations) x 100. A high alternation rate is indicative of sustained spatial working memory as the animals must remember which arm was entered last to not re-enter it (Hughes, 2004) . Estimation of Lipid Peroxidation (malondialdehyde): Lipid peroxidation was estimated spectrophotometrically as thiobarbituric acid reactive substances (TBARS). A principal component of TBARS is malondialdehyde (MDA), a product of lipid peroxidation.The assay for malondialdehyde was carried out according to the principle of colorimetry as described by Janero 1990.The assay employed the competitive inhibition enzyme immunoassay technique. A monoclonal antibody specific for MDA was pre-coated onto a microplate. A competitive inhibition reaction was launched between biotin labelled MDA and unlabelled MDA/samples (brain homogenate) with the pre-coated antibody specific for MDA. It was subjected to incubation, after which the unbound conjugate was washed off. Next, avidin was conjugated to Horse radish Peroxidase (HRP) and added to each microplate well and incubated. The amount of bound HRP conjugate was taken to be inversely proportional to the concentration of MDA in the sample. Substrate solution was added which caused development of color. The intensity of color that was developed was measured using a microplate reader and the reading was taken to be inversely proportional to the concentration of MDA in the sample.
Sample Collection
At the end of the 21 days of administration the animals were sacrificed following chloroform inhalation in a closed chamber. Hippocampal tissues were harvested and homogenized in 7.4 PH phosphate buffer solutions for oxidative stress analysis.
Statistical Analysis
The values recorded in learning and memory tests were analyzed using the Kruskal-Wallis one way analysis of variance on ranks followed by Dunn's multiple comparison test. The MDA concentrations were analyzed using oneway analysis of variance (ANOVA) followed by Turkey's post hoc test to compare the level of significance between groups using SPSS version 22.Data were expressed as mean ± standard error of mean (SEM). Values of (P < 0.05) were considered significant.
RESULTS
The results of the novel object recognition testis presented in fig. 1 . As shown a significant decrease (p<0.05) in the percentage preference score was observed in the CPF treated group when compared to the control. There was significant improvement in the percentage preference score of the pre-treated (RSV + CPF) group when compared to the CPF group. Significant decrease was also observed in the CMC group when compared to the pre-treated group (RSV + CPF). The Vit E group showed improvement in the preference score when compared to the CPF group, though not statistically significant. But the pre-treated (RSV + CPF) group showed higher improvement in the preference score when compared to the Vit E group. The results of the Y-maze testis presented in fig. 2 . As shown the CPF treated group showed a significantly higher alternation score when compared to the control. The pre-treated (RSV + CPF) group showed a significantly lower alternation score when compared to the CPF treated group. A lower alternation score was observed in the Vit E treated group when compared to the CPF treated group, though not statistically significant. The Vit E treated group also showed a higher alternation score when compared to the RSV pre-treated group. The results of the malondialdehyde (MDA) activity in the hippocampus of miceis presented in fig. 3 . As shown a significant increase in malondialdehyde level in the CPF treated group when compared to the control. There was also a significant increase in malondialdehyde level in the RSV pre-treated group when compared to the control. A significant decrease was observed in malondialdehyde level in the RSV pre-treated group when compared to the CPF treated group. A significant decrease was also observed in the malondialdehyde level of the Vit E group when compared to the CPF treated group. There was a decrease level of malondialdehyde level in the Vit E group when compared to the RSV pre-treated group, though not statistically significant. 
DISCUSSION
This study was designed to evaluate the effect of resveratrol on chlorpyrifos-induced cognitive impairment and lipid peroxidation biomarkers in Swiss albino mice. The Y-maze and the Novel Object Recognition Test (Temporal order task) paradigms were employed to assess the cognitive functions of the mice.
Temporal order task is a method of assessing the recognition memory in rodents. This task comprised two training phases and one test trial. In each training phase, the subjects are allowed to explore two copies of an identical object. Different objects are used for training phases 1 (A1 and A2) and 2 (B1 and B2), with a delay between the training phases of 1 h.
The test trial is given 3 h after training phase 2. During the test trial, an objects from training phase 1 (A1) and an objects from training phase 2 (B1) are used. The positions of the objects in the test and the objects used in training phase 1 and 2 are counterbalanced between the animals. If temporal order memory is intact, the subjects will spend more time exploring the object from training 1 (i.e., the object presented less recently) compared with the object from training 2 (i.e., the "new" object).The following parameters are analyzed: the time spent exploring each objects A1 and A2 in the training phase, the time spent exploring each objects B and A2 (object recognition) or objects A1n (A1in its new location) and A2 (object location) in the test phase. The data are expressed as the percentage (%) of time that the animals explore identical objects (tA2/[tA1 + tA2] x 100) during training and the % of time that the animals explore the novel object (tB/[tB + tA2] x 100) in the retention test (Novel Object Exploration -% Time) and total exploration time. The time percentage used for the novel object exploration is considered as an index of memory retention (Carlini, 2011) . The results of the Novel Object Recognition test showed significant increase in the preference scores in the group that received resveratrol prior to chlorpyrifos (CPF) administration demonstrating improvement in the recognition memory when compared to the CPF treated group. This shows that administration of resveratrol improved recognition memory. The Y-maze test is based on the innate preference of animals to explore an arm that has not been previously explored (Drewa, 1998 ). An alternation is defined as entry into all three arms consecutively (Hughes, 2004) , for instance if the animal makes the following arm entries; A,C,C.A,B,C,A,C,B,A,B,C,A in this example, the animal made 13 arm entries 7 of which are correct alternations. The number of maximum spontaneous alternations is then the total number of arms entered minus two, and the percentage alternation is calculated as ((actual alternations /maximum alternations) x 100). A high alternation rate is indicative of sustained spatial working memory as the animals must remember which arm was entered last to not re-enter it. Y-maze function is sensitive to damage in areas concerned with learning and memory functions such as the hippocampus (Hughes, 2004) . The results of Y-maze percentage alternation scores demonstrated a rather decrease in the spartial working memory of the RSV pre-treated mice when compared to the CPF treated mice suggesting that resveratrol does not improve spatial working memory. Lipid peroxidation is often assayed by measuring thiobarbituric acid reactive substances. The end products of lipid peroxidation, such as malondialdehyde assessment, have been widely used to indicate oxidative stress in many studies. used malondialdehyde, carbonyl proteins and albumin-disulphide as oxidative stress parameters to test whether oxidative stress had a primary role in cognitive impairment and Alzheimer's disease. MDA is in many instances the most abundant aldehyde arising from lipid peroxidation (Verma and Srivastava, 2003) and hence is used as an index of oxidative damage in tissues. The increased MDA concentration indicates an ongoing oxidative damage to the brain tissues. The consequence of CPF-induced increased lipoperoxidation in the tissues is biological dysfunctions as the brain is easily susceptible due to its inherent factors (Eren et al., 2007) as a result of interference with their cellular integrities and alterations in their cytostrutural organizations. In contrast, malondialdehyde levels were decreased significantly after treatment with resveratrol in the hippocampus, suggesting that resveratrol could protect mice from chlorpyrifos-induced cognitive impairment through regulating malondialdehyde levels and inhibiting excessive lipid peroxidation. The present study has shown that chronic CPF exposure causes oxidative changes in the hippocampal tissue. Therefore, we speculate that some of the cognitive deficits that have been previously associated with chronic CPF exposure may be partly due to this oxidative damage. And that supplementation with resveratrol has equally been shown in the present study to mitigate the oxidative damage to the hippocamal tissues and therefore consequently reduced the adverse cognitive dysfunctions outcome associated with CPF exposure. CONCLUSION In conclusion, 30mg/kg resveratrol suppressed memory impairment, decreased malondialdehyde levels, in the chlorpyrifos-induced cognitive impairment mice model. The results confirmed the neuroprotective effects of resveratrol on CPF-induced cognitive impairment, and provided novel insights into the neuroprotective effects of resveratrol and its possible therapeutic role in cognitive impairment. RECOMMENDATIONS 1. Further studies should be conducted to ascertain the definitive roles play by oxidative injury in causing cognitive dysfunction among CPF users. 2. Awareness campaign should be conducted regularly in the agricultural communities on the dangers and implications of organophosphate pesticides and the use of protective clothing (e.g. face mask, gloves, etc) should be encouraged among both farm and domestic users of chlorpyrifos and other organophosphate pesticides. 3. Further studies should be conducted to ascertain the benefits or otherwise of the long term intake of resveratrol and to check if its beneficial effects are dose-dependent or not. 4. Further studies should be conducted on the effects of long-term intake of resveratrol on other organ-systems of the body to ensure detrimental side effects are avoided. Contribution of Authors' ADAMU BY: Experimental design, concept, neurobehavioral studies, Practical experimentation and manuscript preparation. AlhassanA W: Experimental design, concept, neurobehavioral studies and manuscript preparation. SALEH MIA: Experimental design, concept, neurobehavioral studies and manuscript preparation.
